Molecular evolution of transfer RNA from two precursor hairpins: implications for the origin of protein synthesis.
In this paper we are going to present a model for the coevolution of major components of the protein synthesis machinery in a primordial RNA world. We propose that the essential prerequisites for RNA-based protein synthesis, i.e., tRNA-like molecules, ribozymic charging catalysts, small-subunit(SSU) rRNA, and large-subunit(LSU) rRNA, evolved from the same ancestral RNA molecule. Several arguments are considered which suggest that tRNA-like molecules were derived by tandem joining of template-flanking hairpin structures involved in replication control. It is further argued that the ancestors of contemporary group I tRNA introns catalyzed such hairpin joining reactions, themselves also giving rise to the ribosomal RNAs. Our model includes a general stereochemical principle for the interaction between ribozymes and hairpin-derived recognition structures, which can be applied to such seemingly different processes as RNA polymerization, aminoacylation, tRNA decoding, and peptidyl transfer, implicating a common origin for these fundamental functions. These and other considerations suggest that generation and evolution of tRNA were coupled to the evolution of synthetases, ribosomal RNAs, and introns from the beginning and have been a consequence arising from the original function of tRNA precursor hairpins as replication and recombination control elements.